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不同碳源合成Na2MnPO4F/C及其作为锂离子电池正极材料的性能
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Abstract: Na2MnPO4F/C composites were synthesized by wet ball milling and in situ pyrolytic carbon
coating. Stearic acid, citric acid, poly(ethylene glycol) 6000, and β-cyclodextrin were used as carbon
sources in the synthesis process. The structures, morphologies, and electrochemical performances of the
as-synthesized Na2MnPO4F/C composites were further investigated by X-ray diffraction (XRD), scanning
electron microscopy (SEM), Brunauer-Emmett-Teller surface area analysis, and galvanostatic charge-
discharge tests. Distinct differences were observed in the morphologies and sizes of the Na2MnPO4F/C
particles obtained from different carbon sources, and this significantly affected their electrochemical
performances. It was found that the primary particle size of the Na2MnPO4F/C material is a key factor in the
electrochemical performance. The sample synthesized using citric acid as the carbon source had a
micro-nano structure, with the smallest primary particle size of 10−40 nm, and displayed the best
electrochemical properties. It delivered an initial discharge capacity of 80 mAh·g−1 under a current density
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of 5 mA·g−1 in the voltage range of 1.5−4.8 V, and displayed good cycling performance.
















LiVPO4F、NaVPO4F、Na3V2(PO4)2F3等.10 − 12 2007 年,
Nazar研究小组 13首次报道了Na2FePO4F用作锂离子
电池新型材料. 从此, 这类过渡金属氟化磷酸盐





















易分解成 LiMnPO4和 LiF, 因而常规的合成方法无




















Na/Na + ), 脱出第二个 Na +的电位在 4.67 V (vs Na/
Na+).20根据热力学计算, Na具有比Li高~300 mV的
标准还原电位.23因此,若以锂为对电极,第一个Na+
的脱出电位是在 3.96 V, 第二个Na+脱出是在 4.97
V. 第二周以后充放电循环,进行Li+的脱出与嵌入,
Li2MnPO4F脱出第一个 Li+的电位是 3.85 V, 脱出第





















箱保温 5 h左右以除去乙醇. 将干燥后的前驱体粉
末在氩气保护的管式炉中 350 °C保温 4 h后升至

















异的原因,还采用TG/DTG (TG 209 F1 IrisR热重分
析仪, Germany)对四种碳源进行了热重分析, 测试







流体上, 并于 100 °C真空干燥箱中烘干后取出. 每
个极片正极活性物质的质量在 1.0−1.5 mg·cm−2范
围. 负极采用金属锂片, Celgard 2400为隔膜, 电解
液采用江苏佛赛公司的高电压专用电解液,在充满
氩气的手套箱中组装成 2025 型扣式电池. 在
Neware公司的BTS电化学性能测试仪上,室温下以




























Fig.1 XRD patterns of Na2MnPO4F/C synthesized with
different carbon sources
NMPF-S: synthesized by stearic acid as carbon source;
NMPF-C: synthesized by citric acid as carbon source;
NMPF-P: synthesized by PEG-6000 as carbon source;
NMPF-β: synthesized by β-cyclodextrin as carbon source
1991


















































































Table 1 Lattice parameters of Na2MnPO4F/C samples
using different carbon sources obtained by the
Rietveld refinement on XRD patterns
图2 不同碳源制备的Na2MnPO4F /C材料的SEM图
Fig.2 SEM images of Na2MnPO4F/C composites synthesized with different carbon sources





































Table 2 Decomposition temperatures (T) of carbon
sources and the carbon contents, BET specific surface



























Fig.3 Initial three charge/discharge potential platform curves between 1.5 and 4.8 V
of Na2MnPO4F/C samples by different carbon sources
(a) stearic acid, (b) citric acid, (c) PEG-6000, (d) β-cyclodextrin
1993






三组样品中. 柠檬酸为碳源时(图 4(b)), 首圈CV曲




















Fig.4 Cyclic voltammetry (CV) curves between 1.0 and 5.0 V of Na2MnPO4F/C samples by different carbon sources
(a) stearic acid, (b) citric acid, (c) PEG-6000, (d) β-cyclodextrin
图5 不同碳源下合成的Na2MnPO4F/C样品的放电比容量
和库仑效率循环性能图
Fig.5 Cycling performances including specific discharge
capacity and columbic efficiency of Na2MnPO4F/C samples























报道 20,22尚未给出超过 20周循环的性能. 为观察
Na2MnPO4F循环更长周期的寿命,将其在5、20 mA·
g−1电流密度下分别循环 50周,如图 6(b),结果显示





























Fig.6 Cycling performances of Na2MnPO4F/C using citric
acid as carbon source under different charge/discharge
current densities (a) and long life (50 cycles, specific
discharge capacity) at 5, 20 mA·g−1 (b)
图7 以柠檬酸为碳源的样品Na2MnPO4F/C的透射电镜
(TEM) (a)和高分辨TEM (HRTEM) (b)图
Fig.7 Transmission electron microscopy (TEM) (a), and
high-resolution TEM (HRTEM) (b) images of sample
Na2MnPO4F/C using citric acid as carbon source
1995
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